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ULTRASTRUCTURAL STUDIES OF KERATINIZED EPITHELIA 
OF THE MOUSE 
IV. Quantitative Studies of Lysosomes 
G, ROWDEN. PH. D. * 
Biology Department. Royal Free Hospital Medical School, London, England 
Electron microscope cytochemical and simple morphometric studies have permitted an 
esti mate to be made of the absolute numbers of lysosomes present in various cell layers of 
murine epidermis. Most Iysosomes appear to be present in basal layer keratinocytes with few 
being detected in Langerhans cells or in granular layer keratinocytes, The observation that 
Iysosomes are not nUmerous in any of the strata is discussed with respect to an alternative 
explanatjon for the presence of diffuse acid hydrolase activity in the granular layers. 
In keratinizing epithelia the highest concentra-
tions of acid hydrolases are found in the granular 
layers [1 J, and these enzymes seem to be im'olved 
in the cellular lysis occurring at this stage. The 
enzyme distribution in the granular layer has been 
shown to be generally of a diffuse nature. i.e .. not 
limited by membranes, as is the case for lysosomes 
[2,3J. The early workers denied the existence of 
lysosomes in the epidermis (see [4]), but improved 
methods of fixation and cytochemical demonstra-
tion of the enzymes have now permitted several 
groups of investigators to confirm their presence in 
basal keratinocytes of human and animal epider-
mis (4-7], Similarly. lysosome" have been shown to 
be present in a variety of keratinizing and non-
keratinizing oral epithelia [8-10 1. 
In the present study an attempt was made to 
establish the numbers of lysosomes in some kerati-
nizing epithelia of the mouse. It was hoped that 
.determination of these values by application of the 
models for cyioplasmic volumes previously de-
scribed [11 J might assist in resol\-ing the question 
of whether lysosome rupture is responsible for the 
rapid metamorphic restructuring that occurs at the 
granular-cornified layer junction, 
In this investigation simple morphometric anal-
yses were applied to keratinized epithelia of the 
mouse after cytochemical staining for a number of 
lysosomal hydrolases, 
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MATERIALS A~D :VIETH ODS 
Three-month-old. male. Swiss albino mice were used. 
The animals were allowed free access to food and water. 
The epithelial samples were obtained immediately after 
sacrifice by cervical luxation, from either the upper 
surface of the left pes or the pinna, while the esophageal 
samples were taken from the upper third of the esopha-
gus, All animals were assessed prior to sampling and only 
accepted for processing if free from ohvious signs of 
inflammation or other gross abnormalities of the skin. A 
total of 30 animals was used. Immediately after sacrifice 
the specimens were sliced into I-mm-wide strips and 
fixed for 2 hr in cacodylate-buffered glutaraldehyde [4]. 
Slices of 50 I'm each were prepared after washing for 2 to 
4 hr in buffered sucrose. on either a freezing microtome or 
a TC-2 tissue chopper [12 J. 
Acid phosphatase (fluoride-sensitive ~-glyceropbos­
phatase) and aryl sulphatase activity were demonstrated 
by methods previously described [4,5]. Cytochemical 
control incubations involving inhibitors, heat inactiva-
tion, and incomplete substrates were performed for both 
of the enzymes [4,5 J. 
Subsequent to the cytochemical incubations. the spec-
imens were osmicated and embedded in cither Araldite or 
Epon. 
Thin sections were cut on a Porter-Blum MT2 and care 
was taken to ensure that the plane of section was as near 
normal to the basal lamina as possible. The sections were 
picked up on carbon-coated grids and examined without 
subsequent staining. in either an A.E.!. EM6B or a 
Philips EM 301 electron microscope. 
For photographic representation, sections were stained 
with lead citrate. In all cases the quantitative studies 
were carried out on unstained sections to prevent the 
possibility of secondary removal or relocation of enzymic 
reaction product. 
In order to calculate the numbers of Iysosomes per cell, 
the pre\'iously determined .cell volumes for the various 
layers of mouse epidermis were utilized. Three separate 
enzyme incubations were carried out and four blocks were 
taken at random from each experiment. At least three 
grids containing 5 to 10 sections were obtained from each 
block. The three layers ·of the epidermis, i,e" basal, 
suprabasal,andgranular. were photographed at lO,OOOx 
magnification, The plates were printed to give a final 
print of 30,000 x magnification. The area of tissue sam-
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pled in the 230 180 mm prints was 46 I'm'. The 
numbers of .lysosomes were noted for each print and an 
average value and standard deviation were calculated 
from a minimum of 108 prints in each stratum. The 
values for lysosomes/"zone" Were converted to values for 
lysosomes/I'm' by application of the morphometric 
method of Loud 113\. i.e., the number of lysosomes (N ,) 
per unit volume of tissue was proportional to the number 
of transect ions (N A) of these organelles observed per unit 
area of the tissue section. A value for N .\ was obtained by 
dividing the counts of lysosomes/"zone" by the area of 
the zone. In order to utilize the equation formulated by 
Loud. i.e., N, N A/D, values for the average diameter of 
the lysosomes were obtained. The average diameter (D) 
of acid phosphatase· positive lysosomes in basal cells of 
mouse epidermis has been previously calculated as 0.28 
I'm 14 Measurements were made of the diameters of a 
large number of aryl sulphatase-positive lysosomes in 
basal cells. The results were expressed histograpbicaHy 
and the average diameter and standard deviation were 
calculated. The numbers of Ivsosomes/cell were deter· 
mined for the epidermal samples by application of the 
numbers of lysosomes! I'm' to the previously determined 
cytoplasmic volumes. 
RESULTS 
The Iysosomes that were observed showed the 
characteristic triple-layered unit memhrane en-
closing a dense matrix. in which the enzymic 
react ion product was deposited (Figs. .21. Lyso· 
somes were oft en seen near the Golgi complex (Fig. 
:304,8). The.\' were seldom seen in cells above the 
basalla:,er and also were extremely rare in Langer· 
hans cells. The quantitative results. therefore, do 
not include counts over Langerhans cells. Very 
little enzymic reaction product was seen over 
F!G. 1. Mouse epidermis incubated for 30 min to dem-
onstrate acid phosphatase activity. Part of a basal cell 
showing a densely stained lysosome (L l. Desmosome 
(D), mitochondrion (Ml. nucleus UV). 27.000). 
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FIG. 2. Mouse esophageal epithelium incubated for 30 
min to demonstrate acid phosphatase activity. Part of a 
basal layer cell showing a densely stained lysosome (L). 
Basement membrane (Bm), keratin filaments (F). inter-
cellular space miUlchondrioo (M), nucleus (Nl. nu-
clear membrane \ 18.0001. 
keratinosomes in the epidermis although they were 
more positive in the esophageal samples_ Since the 
enzymes within these organelles would seem to be 
involved in extracellular functions after exocvtosis 
1141. they were not included in the quantitative 
studies. All control incubations were negative. 
Single membrane-limited organelles that corre-
sponded morphologically to lysosome, but contain-
ing no enzymic reaction product were noted. Most 
of these "morphologic lysosomes" and positive 
lysosomes were distributed in a narrow rim of 
perinuclear cytoplasm approximately 1 !lm wide. 
In addition. most of the lysosomes were observed in 
this perin uclear cytoplasmic region at either the 
proximal or distal poles of the nuclei. The accumu-
lation of Iysosomes in the cytoplasm at the poles of 
dividing nuclei has been noted previously by Olson 
et al [15]. 
Tables I and II illustrate the results of the counts 
of Iysosomes that were positive for the two hydro-
lases in the keratinizing epithelia. Figure 4 i!lus-
trftes the results of measurement of the diameters 
of 148 aryl sulphatase-positive lysosomes. The 
average diameter of the Iysosomes was 0.27 ±. 0.07 
/lm. The Tables illustrate the results of conversion 
from Iysosomes!"zone" 10 lysosomes!/lm'. Both 
sets of results indicate increased num bers of [vso-
somes/I'm' in the esophageal epithelium comp~red 
to the epidermis. There were also fewer aryl 
sulphatase-positive organelles. 
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FIG. 3. A: Mouse epidermis. Part of a basal layer cell 
showing extensive cisternae of the Golgi complex (G). 
Keratin filaments (F) are grouped in bands. Rough-sur-
faced endoplasmic reticulum (Ed. mitochondrion (M). 
nucleus (N) (x 24.500). B: Mouse esophageal epithelium 
incubated for 15 min to demonstrate aryl sulphatase 
activity. Parts of two basal layer keratinocytes showing 
lysosomes (Ll in their cytoplasm near the Goigi complex 
(G). Basement membrane (Bm), desmosome (D)' inter-
cellular space (ls). nucleus (Iv) 9,700). 
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Table III shows the conversion of !ysosomes/l1m' 
to absolute figures per cell in the three strata of the 
epidermis. This conversion was made for epider-
mal samples only. since the cytoplasmic volumes 
were initially calculated for this epithelium and 
not for the esophageal epithelium. 
As has been stated, however. the lysosomes were 
not randomly dispersed in the total cytoplasmic 
volumes of the cells of the three strata. Therefore, 
the numbers obtained by application of the values 
for total cytoplasmic \"olume are undoubtedly 
high. An attempt to correct for this overestimation 
is presented in Table IV. The volume of the 
I-11m -wide perin uclear cytoplasmic zone was cal-
culated fi'om the previously determined values for 
nuclear size 111). Since these dimensions did not 
vary significantly as cells passed from the basal to 
the granular layer. the volume for the capsule of 
cytoplasm. i.e .. 95.fil'm'. was used for the determi-
nation of lysosomes/cell in all three strata. It 
should be noted t hat even these corrected val ues 
are overestimations because of the uneven distri-
bution of lysosomes within thE' perinuclear cyto-
plasmic regions. :\:u attempt t () correct further f()r 
this uneven distribution is made in this communi-
cation. The results for the epidermis demonstrate 
the scarcity of Iysosomes in all layers and also show 
the decrease as cells pass towards the surface. 
DISCI'SSIO:\ 
The quantitative results confirm the initial im-
pression obtained from viewing cytochemical sec-
tions that there are few lysosomes present in 
keratinizing epithelia and most of those thaI are 
present are found in basal layer cells. The quanti-
tative results not only confirm the scarcity of 
lysosomes in keratinocytes. but also indicate the 
differences in numbers of organelles positive for 
different acid hydrolases. Whether the larger num-
bers of acid phosphatase-positive granules repre-
sent an actual differential localization or result 
from the cytochemical techniques employed is not 
clear. It may he that there are higher con centra-
TABLE L Ildembrane-/imited acid phosphatase-positive organelles in murine keratinizing epithelia 
Granular 0.64 or 0.2 46 OJJl4 
Esophageal epithelium 
""Zone"-Calculated from 230 x 180 mm prints at 30,(X)Ox magnification 
"N v = N,JD [13] 
Averages derived from a minimum of 108 observations. 
0.28 0.050 
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TABLE II. Membrane-limited aryl sulphatase-poSltive organelles in murine keratinizing epithelia 
Epidermis 
Basal 
Suprabasal 
Granular 
Esophageal epithel tum 
Basal 
Suprabasal 
Granular 
Details as for Table I 
0.92 co. 0.2 
0.:l6 0.2 
0.28~. O.! 
Epidermis- Aryl Sulphatase Positive 
.... 
co: 
50 
40 
30 
:;2 
.... 
10 
0-1 
Tolal = 148 
Average Diameter 0-2661' 
( S = 0-07~) 
0-2 0-3 0·4 0·5 
lYSOSOme DIAmETER 
(miCRONS) 
0-6 
FIG. 4. Hiswgram of the size variation of aryl sulpha-
lase-positive organelles observed in the basal laver of 
mou~e epidermis. Large~t diampter of the granule mea~ 
sured in the case ()f eiipsoid bodies. 
t.ions of tbis acid hydrolase compared to arYl 
sulphatase. On the other hand. tbe enzymes ma~' 
be present in but possess differing 
sensitivit ies to and incubation methods. 
Even if the inadequacies of the assumed model 
for deriving cytoplasmic \'olumes are taken into 
consideration, there do not appear to he many 
lysosome" available anywhere in the epidermis. 
either in ken1tinocytes or in Langerhans cells. to 
participate in a planned release of hydrolases in 
the granular layer. Theref()re, it would seem to he 
necessary to make a reassessment of the contrihu-
tion of lysosomes to the metamorphic events occur-
ring in the granular layer. 
Braun-Falco and Rupee [16] in studies of normal 
and psoriatic human skin considered that the 
failure to detect many Iysosomes might be because 
there were, in fact, few lysosomes to detect. They 
were the lirst to propose t hat the diffuse act ivity in 
granular layer cells might be nonstructure hound 
rather than the result of lysosomal rupture. 
The presence of active hydrolases in the granular 
46 
46 
46 
0.020 
0.008 
0.006 
0.27 
0.27 
0.27 
0.074 
0.029 
0.022 
TABLE Ill. Assuming random di"tribution, numbers of 
lysosome" per cell in epidermal strata 
Re~ion 
Basal 
SuprabasaJ 
Granular 
TABl.E IV. Assuming nonrandom distribution, numbers 
of Iysosomes per cell in epidermal strata 
layers of keratinizing epithelia would seem to 
indicate a high degree of metaholic activity. Reid 
and ,Jarretl \17] have, howen'r, suggested that the 
autolysis may make it extremt'lv unlikelv that a 
functional D'.;A-coding system i~ present' in these 
cells, capable of preparing messenger R:,\A. or that 
t here are ribosomes capable of complex protein 
svnthesis_ The\' state that this makes it unlikely 
that acid hydrolases might he synthesized i~ 
granular layer cells, Autoradiographic studies of 
protein synthesi" in keratinizing epithelia [18.19] 
clearly demonstrate that. far from being morihund, 
the granular layer cells are extremely active in 
protein synthesis. it may be tbat some of this 
synthetic actidty is directed towards production of 
hydrolytic enzymes freely into the cytoplasm, as 
well as contributing to the thickening of the cell 
membranes. 1f this is the case_ the keratinocvtes 
may have the ability to synthesize hydrolases i;1 an 
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inactive or inhibited form. Alternativelv the hvdro-
lases may have been svnthesized fr~e int~ the 
cytoplas~ of keratinocytes from the basal layer 
omvards and only became active in the granular 
layer. In either case, however. the proposal is that 
keratinocytes with their limited life expectancy 
and poorly developed membrane-associated .ribo-
some systems are unlikely to package the bulk of 
the acid hydro lases into membranous organelles. 
This suggestion is supported by investigations of 
acid bydrolases in a variet~· of tissues and animal 
species [20-23]. It is now clear that isoenzymes of 
acid phosphatase exist within cells in lysosomal 
and extralysosomal situations [24.25]. There are 
also reports on keratinizing epithelia of multiple 
forms of acid phosphatase [26]. Gerson [10] has 
demonstrated lysosomal and extralysosomal acid 
phosphatases with varying responses to inhibitors 
existing in different anatomic locations in buccal 
mucosa. In respect to oral mucosa Osmanski [27 
and Iqbal and Gerson [28] have concluded that 
there is at present insufficient evidence to impli-
cate lysosomE's with the lytic events occurring in 
the granular layer, and both support the concept of 
extralysosomal activity being- the major factor 
involved in granular layer restructuring. Therefore. 
although it is evident that there are lysosomes in 
the epidermis. and they appear to play various 
roles in heterophagic digestion. pigment turnover. 
and exocytotic phenomena involving keratino-
somes or cementosomes. there is not at presen t 
good evidence to implicate them witb the bulk of 
lysis occurring in the granular layer. It will be 
necessary to determine the quantities of acid 
hydrolases contained per lysosome in order to 
estimate the numbers that might be required to 
produce the free acti\'ity in the granular layer. The 
possibility exists that although there are few lyso-
somes present they may contain concentrated large 
amounts of acid phosphatase and other hydroJases. 
This objection to the hypothesis of de novo synthe-
sis offree cytoplasmic hydrolases requires testing. 
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